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Summary
Introduction:  Treatment  of  femoroacetabular  impingement  (FAI)  has  progressed  over  time  from
using long  incisions  and  dislocation  to  using  arthroscopic  surgery.  Minimally  invasive  treatment
has rarely  been  evaluated  and  a  minimally  invasive,  anterolateral  approach  has  not  been  used
up to  now  for  this  indication.  A  prospective,  on-going  study  was  performed  to  evaluate  surgical
treatment  of  FAI  with  a  minimally  invasive,  anterolateral  approach.
Hypothesis:  Femoral  neck,  acetabulum  and  labrum  abnormalities  can  be  corrected  without
signiﬁcant  morbidity  using  a  minimally  invasive,  anterolateral  approach  without  dislocation.
Patients and  methods:  Treatment  of  120  FAI  cases  (108  patients,  16  women,  92  men,  12  bilateral
cases during  one  surgical  session),  average  age:  34  years  (18.9—63.5  years),  was  done  prospec-
tively and  in  an  uninterrupted  series.  Two  cases  were  lost  to  follow-up;  106  patients  (118  FAI
cases) were  evaluated  with  a  follow-up  of  at  least  1  year.  Assessments  consisted  of  the  Non-
Arthritic Hip  Score  (NAHS),  WOMAC,  measurement  of  internal  rotation  with  90◦ ﬂexion  and
the Nötzli  alpha  angle  on  an  A/P  radiograph  in  45◦ of  ﬂexion,  45◦ abduction  and  30◦ external
rotation.
Results:  Blood  loss  averaged  1.2  g/dl  (range  0.5  to  2.7  g/dl)  and  the  average  operative  time
was 44.9  minutes  (range  30  to  65).  With  an  average  follow-up  of  2.2  years  (range  12  to
54 months),  the  NAHS  changed  by  32.5  points  (P  <  0.0001),  internal  rotation  by  19.0◦ (P  <  0.0001)
and the  alpha  angle  by  −24.9◦ (P  <  0.0001).  Eight  surgical  revisions  were  required  (6.8%)  (four
haematomas,  two  capsular  debridement,  two  additional  procedures  on  the  acetabulum)  and
these had  a  good  outcome;  there  were  no  nerve-related  or  infection-related  complications.
Four failures  (3.5%)  were  revised  by  arthroplasty  (two  patients  experienced  residual  pain  and
two patients  rapidly  progressed  to  osteoarthritis).  Eighteen  cases  progressed  by  only  one  Tönnis
stage. Brooker  stage  II  and  III  ossiﬁcation  were  observed  in  12  cases  (10.2%)  but  these  did  not
affect the  functional  score  and  range  of  motion  improvement.
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Discussion:  This  approach,  which  can  be  learned  and  performed  quickly,  does  not  require  any
speciﬁc materials  and  yields  a  reliable  surgical  procedure  without  major  complications.  This
short-term  study,  where  the  central  cartilaginous  compartment  was  not  explored  and  the  labrum
was not  sutured,  comprised  a  consecutive,  non-selected  series  of  patients  (independent  of  age,
weight, osteoarthritis  stage)  and  had  encouraging  results.
Level of  evidence:  Level  III,  prospective  study,  no  control  group.
© 2011  Elsevier  Masson  SAS.  All  rights  reserved.
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ing  rotation  in  90◦ ﬂexion;
•  procedure  time,  length  of  scar;Introduction
Every  method  used  to  treat  femoroacetabular  impinge-
ment  (FAI)  has  disadvantages:  muscle  injury,  risk  of  greater
trochanter  non-union  or  risk  of  femoral  head  necrosis  when
approaches  that  involve  trochanterotomy  and  hip  disloca-
tion  are  used  [1];  injury  to  muscle  and  lateral  cutaneous
nerve  in  the  hip  when  Hueter-type,  minimally  invasive,
anterior  approaches  are  used  [2];  lengthy  learning  curve,
radiation,  risk  of  pudendal  nerve  compression  and  chal-
lenges  with  evaluating  the  amount  of  bone  to  resect  when
arthroscopy  techniques  are  used  [3—7].
The  goal  of  this  prospective,  on-going  study  with  118
cases  was  to  evaluate  surgical  procedure  quality  and  risks
incurred  when  using  the  anterolateral  approach  described
by  Bertin  and  Röttinger  [8],  which  has  not  been  studied  for
this  indication.  We  hypothesized  that  this  minimally  inva-
sive  approach  without  dislocation  would  correct  femoral  and
acetabular  architectural  defects  without  signiﬁcant  morbid-
ity.  This  hypothesis  was  tested  using  a  prospective  study  of
118  impingement  cases  where  the  ability  to  measure  the
volume  and  extend  of  bone  to  resect  using  this  approach
without  a  traction  table  or  ﬂuoroscopy  was  assessed,  and
the  associated  morbidity  was  compared  to  published  data
on  resection  performed  by  arthroscopy.
Patients and methods
Patients
Between  August  2005  and  March  2010,  120  cases  of  FAI  (108
patients,  16  women  and  92  men)  were  included  in  this  on-
going,  prospective  study;  12  bilateral  cases  (24  hips)  were
operated  on  during  the  same  anaesthesia  period.  The  aver-
age  age  was  34.4  years  (range  18.9  to  63.5  years).  Age  was
not  an  exclusion  criterion  in  this  study  [9].  Two  patients
were  lost  to  follow-up  after  6  and  9  months  (Tönnis  stage
I  and  II  patients  who  were  very  satisﬁed  at  the  last  visit).
The  remainder  consisted  of  a  series  of  106  patients  with  118
hips  that  could  be  evaluated  with  at  least  1  year  of  follow-
up.  The  average  follow-up  for  this  series  was  2.2  years  (range
12  to  54  months).
A  diagnosis  of  FAI  was  made  based  on  clinical  and
radiological  evidence:  all  the  patients  presented  with  spon-
taneous  groin  pain  provoked  by  ﬂexion  and  internal  rotation,
limited  internal  rotation  and  radiographs  having  abnormal-
ities  indicative  of  an  impingement  (Nötzli  angle  >  55◦ on
lateral  radiographs,  with  or  without  presence  of  crossover
sign  on  A/P  radiographs).
•urgical  technique
ith  the  patient  in  lateral  decubitus  (dorsal  decubitus  for
ilateral  procedure),  a  6  cm  incision  was  made  from  the
nterior,  inferior  edge  of  the  greater  trochanter  to  the  ante-
ior  superior  iliac  spine  (Fig.  1a).  The  iliotibial  band  was
ncised  behind  the  tensor  fascia  lata  muscle,  the  intermus-
ular  space  was  dissected  and  the  capsule  exposed  starting
rom  the  intertrochanteric  line  to  the  reﬂected  tendon  of
he  rectus  femoris  muscle  (Fig.  1b).  To  preserve  the  labrum,
 crossbow  incision  was  made  in  the  capsule  5  mm  from
he  reﬂected  tendon.  The  anterior  wall  was  exposed  with  a
ohmann-Muller  spike  retractor;  the  area  above  and  below
he  neck  was  explored  by  mobilizing  the  limb  in  internal  or
xternal  rotation  (Fig.  1c).  With  curved  scissors,  the  ante-
ior  wall  was  trimmed  as  needed.  A  femoral  neck  plasty  was
erformed  with  the  hip  in  10◦ ﬂexion  and  neutral  rotation;
he  neck  was  hollowed  out  by  about  8  mm  from  the  head  to
he  intertrochanteric  line,  from  the  upper  part  to  the  lower
art  of  the  head.  The  amount  and  location  of  bone  removed
as  based  on  experience,  visual  intraoperative  testing  and
nger  testing  to  check  that  the  neck  and  wall  did  not  come
nto  contact  during  ﬂexion  and  internal  rotation  (Fig.  2a  and
).  Exposed  cancellous  bone  was  ﬁlled  in  with  a  thin  layer  of
one  wax.  A  drain  was  installed  before  closure;  the  drain  was
emoved  at  Day  1.  The  patient  was  allowed  to  return  home  at
ay  1  if  possible  and  full  weight-bearing  was  allowed  at  Day
0.  Only  home  program  exercises  were  allowed:  seated  in  a
hair,  legs  spread,  feet  on  the  ground,  bring  knees  together
sing  both  hands.  After  1  month,  low-impact  sports  (cycling,
wimming)  could  be  started  again,  with  other  sports  allowed
fter  at  least  4  months.  The  last  16  patients  included  in  the
eries  were  given  50  mg/d  indomethacin  orally  on  Day  1 to
ay  14.
ssessment  methods
ata  were  collected  prospectively  by  a  single  examiner,  dif-
erent  from  the  surgeon:
 time  between  appearance  of  symptoms  and  surgery  deci-
sion;
 preoperative  pain  and  pain  after  a  minimum  12-month
follow-up  evaluated  using  the  Visual  Analogue  Scale  (VAS);
 joint  range  of  motion  measured  with  a  goniometer,  includ- blood  loss  with  change  in  haematocrit  and  haemoglobin
calculated;
32  P.  Chiron  et  al.
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tigure  1  Surgical  technique  for  a  right  hip:  a:  patient  in  later
ectus femoris  tendon  deﬁnes  the  upper  border;  c:  view  of  join
duration  of  hospitalization;
patient  activity  level  based  on  classiﬁcation  by  Devane
et  al.  [10];
repercussions  on  work  and  sporting  activities;
overall  satisfaction  (very  satisﬁed,  satisﬁed,  moderately
satisﬁed,  slightly  dissatisﬁed,  very  dissatisﬁed);
functional  evaluation  with  the  Harris  Hip  Score  (HHS)  [11],
WOMAC  score  [12], Non-Arthritic  Hip  Score  (NAHS)  [13];
repercussions  on  activity  and  quality  of  life  with  the  MOS
SF-36  score  [14];
evaluation  of  failure  rate  (total  hip  prosthesis/worsening
of  functional  score)  and  complications.
The  FAI  diagnosis  was  conﬁrmed  and  described  using  mul-
iple  radiographs:  A/P  pelvis,  hip  radiographs  in  45◦ ﬂexion,
5◦ abduction  and  30◦ external  rotation  [15]  (Fig.  3a)  used  to
easure  the  alpha  angle  [16]. MRI  and  CT  arthrography  were
erformed  for  all  patients  to  assess  the  Tönnis  osteoarthri-
is  stage  [17], assess  the  status  of  the  labrum  and  provide  a
t
d
w
w
igure  2  Correction  of  deformity  in  femoral  neck-head  junction  f
abrum deﬁning  upper  border;  hip  starts  in  neutral  position  and  und
he scissors;  b:  depth  and  extent  of  femoral  neck  plasty.cubitus  with  incision  landmarks;  b:  capsule  exposure;  reﬂected
rum,  underside  of  femoral  head,  anterior  aspect  of  neck.
ifferential  diagnosis.  Evaluations  after  surgery  and  at  the
ongest  follow-up  point  were  made  with  the  same  A/P  and
ateral  radiographs  (Fig.  3b).  The  Brooker  classiﬁcation  [18]
as  used  to  evaluate  heterotopic  ossiﬁcation.
tatistical  methods
ests  to  compare  average  values  were  chosen  based  on
he  sample  size  (n)  and  distribution  of  the  studied  vari-
ble.  A  Shapiro-Wilk  test  was  used  to  evaluate  if  the
ata  were  normally  distributed.  When  the  sample  size  was
ess  than  30  or  the  data  were  not  normally  distributed,
ndependent  and  paired  samples  were  analysed  with  the
ann-Whitney  and  Wilcoxon  signed  test,  respectively.  When
he  sample  size  was  above  30  and  the  data  were  normally
istributed,  independent  and  paired  samples  were  analysed
ith  corresponding  versions  of  the  Student’s  t-test.  The  soft-
are  programs  ExcelTM (Microsoft,  Redmond,  WA,  USA)  and
or  a  right  hip:  a:  femoral  neck  plasty  with  curved  scissors  with
ergoes  rotation  movements  to  allow  access  front  and  back  for
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87◦)  to  36.9◦ (range  28  to  46◦)  at  follow-up,  which  was  an
average  gain  of  −24.9◦ (−50  to  0◦)  (P  <  0.0001).
Table  1  Preoperative  and  follow-up  Devane  classiﬁcation
[10]; n  =  102  (four  failures  excluded).
Devane  grade  5  4  3  2  1Figure  3  Radiological  view  of  correction  to  the  deformity  at  t
45◦ abduction  and  30◦ external  rotation;  b:  same  view  1  year  af
XLSTATTM (Addinsoft,  Paris,  France)  were  used  to  analyse  the
data.
Results
This  series  included  69  cases  with  ‘‘cam  type’’  (58.4%)
and  49  cases  with  ‘‘mixed  type’’  (41.6%)  impingement;  no
cases  of  isolated  ‘‘pincer  type’’  FAI  were  operated  on.  The
diagnosis  was  delayed  27.6  months  on  average  (range  2  to
96  months).  The  106  patients  were  active  or  very  active,
based  on  the  Devane  classiﬁcation  [10]: 74  (69.8%)  were
grade  5,  30  (28.3%)  were  grade  4,  and  two  (1.9%)  were  grade
3.  Ninety-three  patients  (87.7%)  were  sport  participants,
with  37.7%  participating  at  a  high-level  (regular  participants
or  professionals).
Average  procedure  time  was  44.9  minutes  (range  30
to  65  minutes).  The  average  change  in  haemoglobin  was
−1.2  g/dl  (−0.5  to  −2.7  g/dl)  and  the  average  change  in
haematocrit  was  −3  points  (range  −1.7  to  −7.9  points).
Transfusion  was  not  necessary.  Average  hospital  stay  was
3.6  days  (range  1  to  5)  for  unilateral  procedures  (n  =  94  hips)
and  4.3  days  (range  4  to  6)  for  bilateral  procedures  (n  =  24
hips).  The  average  scar  length  was  7.3  cm  (range  4  to  10  cm).
Crutches  were  used  for  2.3  weeks  on  average  (range  1  to
8  weeks).  Return  to  work  was  accomplished  in  8.5  weeks  on
average  (range  1  to  19  weeks).  Return  to  sport  at  the  desired
level  was  possible  after  22  weeks  on  average  (range  4  to
100  weeks).
The  VAS  score  was  6.5  (range  4  to  9)  on  average  before  the
surgery;  after  an  average  of  2.2  years  follow-up,  the  score
was  1.5  (range  0  to  5).  This  difference  of  −5  was  statisti-
cally  signiﬁcant  (P  <  0.0001).  Seventy-eight  patients  (73.7%)
were  pain-free  at  follow-up.  Ninety-two  patients  (77.9%)
were  able  to  return  to  the  desired  level  of  sporting  or  work
activity.  Eighty-two  patients  (77.3%)  were  either  satisﬁed
(n  =  18)  or  very  satisﬁed  (n  =  64),  16  patients  (15.9%)  were
moderately  satisﬁed,  four  patients  (3.8%)  were  not  satis-
ﬁed  and  four  patients  (3.8%)  were  classiﬁed  as  failures.  The
WOMAC  score  improved  signiﬁcantly  by  −28  points  on  aver-
age  (average  preoperative  score  at  32.7  [range  10  to  61]  andmoral  neck-head  junction:  a:  lateral  radiograph  in  45◦ ﬂexion,
rocedure  shows  that  femoral  neck-head  offset  is  normal.
ollow-up  score  at  4.7  [range  0  to  39];  P  <  0.0001).  Activity
easured  with  the  Devane  score  on  102  patients  (exclud-
ng  the  four  failure  cases  revised  by  arthroplasty)  showed
hat  22  patients  (21.6%)  went  from  grade  4  to  grade  5,  one
atient  (0.9%)  went  from  grade  3  to  grade  4,  76  patients
74.6%)  stayed  in  the  same  grade,  and  three  patients  (2.9%)
ad  deteriorated  from  grade  5  to  grade  4  (Table  1).
For  the  118  hips  at  the  last  follow-up,  the  NAHS  changed
y  32.5  points  on  average  (58.9  to  91.4;  P  <  0.0001)  and  the
arris  score  (HHS)  changed  by  29.9  points  (63.0  to  92.9;
 <  0.0001).  There  were  no  signiﬁcant  differences  in  the
hange  in  NAHS  as  a  function  of  the  type  of  impingement,
abrum  status  (n  =  66  preserved  and  n =  1  reinserted  versus
 =  51  resected),  age,  body  mass  index  (BMI)  or  preoperative
ange  of  motion  in  internal  rotation  (Table  2).  There  were
o  signiﬁcant  differences  in  the  change  in  NAHS  between
he  15  ﬁrst  cases  and  all  the  other  cases  (difference  of
.2;  P  =  0.56).  Hips  having  a  preoperative  NAHS  less  than  60
ad  a  signiﬁcantly  greater  average  improvement  (+16.08)
Table  2).  Functional  results  at  the  follow-up  relative  to
reoperative  osteoarthritis  stage  were  not  signiﬁcantly  dif-
erent  between  groups  of  patients  with  Tönnis  0  and  1,  and
önnis  2  and  3  (Table  3).  There  were  signiﬁcant  changes
n  all  the  range  of  motion  measurements,  especially  ﬂex-
on  (+9.6◦;  P =  0.0029)  and  internal  rotation  at  90◦ ﬂexion
+19.0◦;  P  <  0.0001)  (Table  4).  On  lateral  radiographs  [15],
he  average  Nötzli  alpha  angle  went  from  61.8◦ (range  48  toPreoperative  (n)  71  29  2  0  0
Follow-up  (n)  90  11  1  0  0
Progression  (n)  +22,  −3  +3,  +  1,  −22  0,  −1  0  0
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Table  2  Assessment  of  average  improvement  in  Non-Arthritic  Hip  Score  (NAHS)  [13]  as  a  function  of  preoperative  score,  type
of impingement,  preoperative  stiffness,  Body  Mass  Index  (BMI),  age,  labrum  preservation,  presence  of  ossiﬁcation  according  to
Brooker et  al.  [18].
Sub-group  of  whole  series  (n  =  118)  n  /  %  Non-Arthritic  Hip  Score  (NAHS)  Comparative  analysis  of
sub-groups  on  NAHS  score
Preoperative  NAHS  >  60 54  /  45.7  +24.458  +16.084
Preoperative  NAHS  <  60  62  /  54.3  +40.542  P  <  0.0001  signiﬁcant
Cam type  69  /  58.4  +33.68  +2.36
Mixed type  49  /  41.6  +31.32  P  =  0.498
Preoperative  internal  rotation  >  0◦ 46 /  40  +29.77  +5.46
Preoperative  internal  rotation  <  0◦ 72 /  60  +35.23  P  =  0.189
Preoperative  BMI  <  25  kg/m2 77 /  72.6  +32.132  +0.461
Preoperative  BMI  >  25  kg/m2 29  /  27.4  +32.594  P  =  0.688
< 40  years  82  /  77.3  +34.12  +3.24
> 40  years 24  /  22.7  +30.88  P  =  0.411
Labrum preserved  67  /  56.7  +31.9  +1.2
Labrum resected  51  /  43.3  +33.1  P  =  0.614
Brooker 0  at  follow-up 82 /  69.4  +34.1  Brooker  0  +  1
Brooker 1  at  follow-up 24 /  20.4  +28.1  Versus
Brooker  0  +  1 106 /  89.8  +31.1  Brooker  2  +  3
Brooker 2  at  follow-up  8  /  6.7  +29.1
Brooker  3  at  follow-up  4  /  3.5  +38.7  +2.8;  P  =  0.455
 
(
lBrooker 2  +  3  12  /  10.2  +33.9Heterotopic  ossiﬁcations  existed  before  the  surgery
n  =  8)  and  immediately  after  the  surgery  (n  =  13).  At  the
ast  radiological  assessment,  36  patients  had  a  heterotopic
o
t
I
Table  3  Results  as  a  function  of  initial  Tönnis  osteoarthritis  stag
Tönnis  stage  Number  /  %  
Overall  series 118/100
Preoperative  
Follow-up 
Difference; P  
0 +  I 86/72.8
Preoperative  
Follow-up 
Difference; P  
II +  III 32/27.2
Preoperative  
Follow-up 
Difference; P  
(0 +  I)  versus  (II  +  III)
Preoperative  
Follow-up 
Difference; P  
III 4/23.7
Preoperative 
Follow-up 
Difference; P  Not  signiﬁcantssiﬁcation  (30.6%).  Based  on  the  Brooker  classiﬁcation  [18],
hese  were  classiﬁed  as  24  in  stage  I  (20.4%),  eight  in  stage
I  (6.7%),  and  four  in  stage  III  (3.5%).  Functional  results
e  [17].
NAHS  score  Internal  rotation
58.9  (30  to  81.25)  +3.4◦ (−10  to  +20◦)
91.4  (56.25  to  100)  +22.3◦ (+10  to  +30◦)
+32.5;  P  <  0.0001  +19◦;  P  <  0.0001
58.18  (3.75  to  70)  +3.8◦ (−10  to  +23◦)
92.72  (32  to  100)  +23.9◦ (+10  to  +30◦)
+34.54;  P  <  0.0001  +  20.1◦;  P  <  0.001
61.08  (11.25  to  63.75)  +3.2◦ (−10  to  +20◦)
91.54  (45  to  100)  +21.1◦ (+10  to  +30◦)
+30.46;  P  <  0.0001  +  17.9;  P  <  0.0001
+2.9;  P  =  0.467  +0.6;  P  =  0.680
+1.18;  P  =  0.639  +2.8;  P  =  0.477
+4.08;  P  =  0.349  +2.2;  P  =  0.537
53.15  (11.25  to  58.35)  −4◦ (0  to  −10◦)
89.61  (45  to  97)  19.2◦ (+10  to  +30◦)
+36.46;  P  <  0.0001  +23.2;  P  <  0.0001
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Table  4  Comparison  of  range  of  motion  before  surgery  and  at  follow-up.
Hips  (n  =  118)  Flexion  (◦)  Extension  (◦)  Abduction  (◦)  Adduction  (◦)  External  rotation  in  90◦ ﬂexion  (◦)  Internal  rotation
in  90◦ ﬂexion  (◦)
Preoperative
Minimum  +80  +0  +15  +15  +10  −10
Maximum +130  +10  +50  +35  +50  +20
Average +109  +6.9  +35  +24.8  +30.7  +3.4
Follow-up
Minimum +100  +10  +30  +20  +20  +10
Maximum +130 +20 +45 +40 +50  +30
Average +118.7 +14.2  +40.9  +29.8  +35.2  +22.3
Difference
Minimum −10  0  −10  +5  −10  +5
Maximum +40  +15  +30  +30  +25  +20
Average +9.6  +7.3  +5.9  +5  +4.6  +19
P 0.0029 0.0031  0.0046  0.0013  0.0391  <  0.0001
Table  5  Change  in  osteoarthritis  stage  according  to  Tönnis  [17].
Tönnis  stage  0  I  II  III  IV
Preoperative  (n  =  118)  34  (28.8%)  52  (44%)  28  (23.7%)  4  (3.5%)  0
Follow-up 26  (22%)  52  (44.2%)  34  (28.8%)  6  (5%)  0
Progression  8  from  T0  to  T1  8  from  T1  to  T2  2  from  T2  to  T3  0
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(Table  2)  and  joint  range  of  motion  in  these  three  groups
were  the  same  as  those  in  the  overall  series.  Osteoarthritis
became  worse  in  18  cases  (15.2%)  (Table  5).
Four  failed  cases  (3.4%)  were  revised  with  a  total  hip
arthroplasty  (Table  5).  One  case  was  a  bilateral  Tönnis  stage
II  osteoarthritis  that  progressed  to  bilateral  stage  III;  one
case  had  a  BMI  of  35.5  and  stage  I  arthritis  that  progressed
to  symptomatic  stage  II;  one  case  of  stage  II  did  not  progress
but  remained  painful  even  after  the  arthroplasty  procedure,
which  makes  the  initial  diagnosis  doubtful.  Eight  additional
surgical  procedures  were  performed  (6.8%):  two  were  per-
formed  to  complete  the  femoral  neck  plasty  (cases  1  and  5),
two  required  debridement  of  capsular  adhesions  and  length-
ening  of  the  psoas  tendon,  four  required  draining  of  a  painful
haematoma  before  Day  8.  At  the  follow-up,  the  functional
results  for  these  eight  hips  were  comparable  to  those  of
the  overall  series.  Two  cases  of  complex  regional  pain  syn-
drome  (Type  I  CRPS)  (thigh  pain,  oedema  in  femoral  neck
on  MRI)  quickly  improved  (6  and  8  weeks)  with  conserva-
tive  treatment  that  included  bisphosphonates.  There  were
no  neurological  complications,  infections  or  femoral  neck
fractures.
DiscussionThe  prospective,  on-going  study  suggests  that  FAI  can  be
reliably  and  reproducibly  treated  via  a  minimally  invasive,
anterolateral  approach  without  need  for  muscle  detachment
or  dislocation,  and  with  a  low  complication  rate.  In  this
i
a
a
e3  THA
eries,  the  labrum  was  only  reinserted  once,  the  central
cetabular  joint  space  was  not  explored,  stage  II  (23.7%)
nd  stage  III  (3.5%)  osteoarthritis  cases  were  included  and
here  was  no  upper  limit  on  patient  age.  Procedure  time  was
hort,  bleeding  was  minimal  and  weight-bearing  occurred
uickly.  This  technique  makes  it  possible  to  treat  bilateral
ases  with  the  patient  in  dorsal  decubitus  during  a  single
urgical  session,  which  would  be  more  difﬁcult  if  disloca-
ion  and  trochanterotomy  were  being  performed  [19,20]  or
rthroscopy  was  being  used  with  a  traction  table,  because
he  longer  procedure  time  increases  the  risk  of  pudendal
erve  compression  [21,22].
One  of  the  limitations  of  this  study  was  the  low  enrolment
118  cases  in  57  months).  However,  few  series  [3,23]  include
ore  than  100  cases  and  only  the  series  by  Byrd  et  al.  [3]
as  done  prospectively.  Most  of  the  series  evaluating  results
f  FAI  surgical  treatment  are  retrospective  in  nature  [4,24]
nd  often  have  a  lower  level  of  proof,  except  for  two  pub-
ished  Level  III  studies  [3,25]. The  average  follow-up  in  this
tudy  was  only  2.2  years  (range  12  to  54  months),  which  does
ot  allow  long-term  progression  of  osteoarthritis  to  be  pre-
icted;  most  other  published  series  have  less  than  5  years  of
ollow-up  [2,3,23,26,27].
Average  procedure  time  was  relatively  short
49.9  minutes,  range  30  to  65  minutes),  without  a  learning
urve  effect.  Procedure  time  is  longer  when  arthroscopy
s  used  (average  of  130  to  135  minutes)  [5,28]  or  when
rthroscopy  is  combined  with  an  anterior  approach  (aver-
ge  90  to  116  minutes)  [2,29]. The  surgical  procedure
valuated  in  this  study  was  learned  quickly  in  terms  of
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rocedure  time.  Two  cases  of  insufﬁcient  resection  occurred
n  early  on  (cases  1  and  5)  and  they  were  the  result  of
earning  curve;  this  complication  is  more  likely  during
rthroscopy  [4,5].
Our  functional  results,  which  include  a  77.3%  clinical  suc-
ess  rate  (change  of  32.5  points  on  the  NAHS,  29.9  points  on
he  HHS  and  −28  points  on  the  WOMAC),  +19◦ increase  in
nternal  rotation  while  ﬂexed  and  77.9%  of  patients  return-
ng  to  their  desired  activity  level,  are  equal  to  or  better
han  those  obtained  by  other  techniques  [4,24]  even  with
ilateral  impingement  cases  included,  unlike  in  the  series
y  Philippon  et  al.  [30]. Byrd  et  al.  [3]  reported  a  20-
oint  improvement  in  the  NAHS  after  arthroscopy  treatment
f  FAI;  Laude  et  al.  [31]  reported  an  average  increase  of
9.1  points  when  arthroscopy  was  combined  with  an  ante-
ior  approach.  Few  reports  of  increased  internal  rotation
ave  been  made:  Lincoln  et  al.  [32]  had  an  average  of  5.4◦
fter  FAI  treated  with  the  anterior  approach;  Horisberger
t  al.  [28]  had  an  average  of  18◦ after  FAI  treatment  by
rthroscopy.
The  four  cases  at  Tönnis  stage  III  in  our  series  had  a  good
unctional  result  with  return  to  sporting  activities  (Table  3).
he  lack  of  signiﬁcant  change  in  the  NAHS  score  between
he  hips  with  a  postoperative  classiﬁcation  of  0  and  I,  and
hose  classiﬁed  II  and  III  (Table  3)  suggests  that  conserva-
ive  surgical  management  of  FAI  can  be  beneﬁcial  in  the
hort-term  for  osteoarthritis.  These  data  are  conﬁrmed  by
 few  recent  studies  [9,27,33,34], but  contested  by  others
7,28,31].  Only  time  will  conﬁrm  if  the  improvements  in  this
tudy  will  be  maintained  beyond  5  years.  This  would  validate
ur  non-selective  approach  in  terms  of  indications.  In  our
eries,  22.9%  of  treated  hips  were  in  patients  above  40  years
f  age  and  27.4%  were  overweight;  the  progression  in  these
ub-groups  was  signiﬁcantly  different  based  on  the  NAHS  and
exion/rotation  measurement,  which  suggests  that  a  fairly
ide  range  of  patients  could  be  included  (Table  2).
Lateral  radiographs  [15]  can  be  used  to  evaluate  the
esult  immediately  after  surgery  and  over  time.  CT  arthrog-
aphy  only  provides  additional  information  about  the  status
f  the  cartilage  and  labrum.  As  suggested  by  Konan  et  al.
35]  and  Barton  et  al.  [36], standard  quality  radiographs,
specially  a  Dunn  view,  are  sufﬁcient  to  deﬁne  cam-type
AI.  Similar  to  other  studies  [20,37],  no  isolated  pincer-type
AI  cases  were  operated  on  in  this  study.  Larson  et  al.  [22]
nd  Philippon  et  al.  [38]  documented  a  large  percentage
31%)  of  this  type  of  impingement.  The  measured  postop-
rative  alpha  angle  was  below  46◦ in  all  cases,  except  for
wo  patients  operated  early  on  (cases  1  and  5)  who  needed
dditional  surgery,  which  suggests  that  the  volume  and  posi-
ion  of  the  bone  being  resected  can  be  adequately  evaluated
nder  direct  surgical  view.
The  labrum  was  reinserted  only  once  with  suture  in  this
eries;  the  published  reinsertion  rate  is  much  higher  because
cetabular  resection  is  performed  by  detaching  the  base  of
he  labrum  and  then  resuturing  it,  which  seems  deleteri-
us  to  us  [39]. Laude  et  al.  [26]  and  Larson  and  Giveans  [40]
ave  shown  that  this  procedure  does  not  improve  the  result,
nd  can  even  be  painful.  Espinosa  et  al.  [25]  prefer  suturing
he  labrum  when  it  is  detached  and  vascularized,  and  pre-
erving  or  resecting  the  labrum  in  other  cases.  Microfracture
rocedures  such  as  those  performed  after  cartilage  removal
22,41,42]  have  not  been  proven  effective  scientiﬁcally.P.  Chiron  et  al.
Our rate  of  arthroplasty  conversion  (n  =  4;  3.4%)  is  low
elative  to  treatment  by  dislocation  (6  to  42%)  [20,43]
nd  treatment  where  an  anterior  approach  is  combined
ith  arthroscopy  (6  to  11%)  [24,26,32].  There  were  no
evere  complications  in  this  series,  including  no  nerve-
elated  complications  such  as  the  lateral  cutaneous  nerve
n  the  hip  as  described  with  the  Hueter  approach  [2,31,44],
or  was  the  sciatic  nerve  affected  as  described  with
rthroscopy  [7,45]. Meta-analysis  has  revealed  a  rate  of  seri-
us  complications  with  arthroscopy  treatment  of  0  to  18%,
ome  of  which  were  life-threatening  [4,5].
Our  short-term  complication  rate  is  relatively  high  (6.8%)
ut  without  serious  complications,  and  is  comparable  to
eports  for  arthroscopy  (1.5  to  27.3%)  [3,6,46]  but  lower
han  reports  for  dislocation  (4.3  to  57%)  [46,47]. Two  cases
f  capsular  adhesions  [48,49]  were  observed.  Although  per-
ormed  by  arthroscopy,  resection  of  the  anterior  capsule
ncreases  the  risk  of  joint  instability  in  athletes  [50]. A  real
isk  of  haematoma  exists  (four  cases  of  revision  required);
leeding  cancellous  bone  that  was  exposed  was  ﬁlled  in  with
one  wax.  Its  use  is  controversial  because  of  the  increased
isk  of  infection  and  appearance  of  inﬂammatory  granulation
issue  in  certain  cases  [51].
The  36%  rate  of  heterotopic  ossiﬁcation  seems  elevated,
ut  many  reports  only  include  ossiﬁcation  that  led  to  a  revi-
ion  [29,33,40,44]. If  preoperative  ossiﬁcation  cases  (11%)
re  not  included,  only  25%  of  cases  had  progressive  ossiﬁ-
ation,  with  10.2%  in  stages  II  and  III.  A  rate  of  18.2%  in
tage  II  and  III  with  the  anterior  approach  and  1  to  12%
ith  arthroscopy  have  been  reported  [52]. In  cases  with
ssiﬁcation,  no  joint  stiffness  was  observed  and  the  func-
ional  results  were  comparable  to  those  in  the  overall  series
Table  2).
onclusion
he  technique  proposed  here  is  simple  and  allows  the  loca-
ion  and  volume  of  bone  in  the  femoral  neck  and  acetabulum
ausing  the  FAI  to  be  evaluated  and  resected.  This  procedure
ith  a  minimally  invasive  approach  is  reliable,  reproducible
nd  has  a  low  rate  of  complications.  It  does  not  require
peciﬁc  hardware  or  intraoperative  ﬂuoroscopy  and  can
e  quickly  learned  by  all  surgeons.  The  minimally  invasive
pproach  results  in  less  bleeding  and  a  hospital  stay  of  24
o  48  hours  for  most  patients,  and  allows  for  fast  muscle
ecovery  without  rehabilitation.  A  bilateral  intervention  can
e  performed  during  the  same  procedure  with  no  increased
isk.  However  the  possibility  of  haematomas  and  heterotopic
ssiﬁcation  will  need  to  be  speciﬁcally  addressed.
isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
eferences[1] Beck M, Leunig M, Clarke E, Ganz R. Femoroacetabular
impingement as a factor in the development of nonunion of
the femoral neck: a report of three cases. J Orthop Trauma
2004;18:425—30.
 app
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[Femoroacetabular  impingement  treatment  via  anterolateral
[2] Ribas M, Marin-Pena OR, Regenbrecht B, De La Torre B, Vilar-
rubias JM. Hip osteoplasty by an anterior minimally invasive
approach for active patients with femoroacetabular impinge-
ment. Hip Int 2007;17:91—8.
[3] Byrd JW,  Jones KS. Arthroscopic femoroplasty in the manage-
ment of cam-type femoroacetabular impingement. Clin Orthop
Relat Res 2009;467:739—46.
[4] Clohisy J, StJohn L, Schutz A. Surgical treatment of femoroac-
etabular impingement. A systematic review of the literature.
Clin Orthop Relat Res 2009;468:555—64.
[5] Ilizaliturri VM. Complications of arthroscopic femoroacetabu-
lar impingement treatment: a review. Clin Orthop Relat Res
2009;467:760—8.
[6] Philippon MJ, Stubbs AJ, Schenker ML, Maxwell RB, Ganz
R, Leunig M. Arthroscopic management of femoroacetabular
impingement: osteoplasty technique and literature review. Am
J Sports Med 2007;35:1571—80.
[7] Stahelin L, Stahelin T, Jolles BM, Herzog RF. Arthroscopic offset
restoration in femoroacetabular cam impingement: accuracy
and early clinical outcome. Arthroscopy 2008;24:51—7.
[8] Bertin KE, Röttinger H. Anterolateral mini-incision hip replace-
ment surgery. A modiﬁed Watson-Jones approach. Clin Orthop
Relat Res 2004;429:248—55.
[9] Javed A, O’Donnell JM. Arthroscopic femoral osteochon-
droplasty for cam femoroacetabular impingement in patients
over 60 years of age. J Bone Joint Surg Br 2011;93:326—31.
[10] Devane PA, Horne JG, Martin K, Coldham G, Krause B.
Three-dimensional polyethylene wear of a press-ﬁt titanium
prosthesis. Factors inﬂuencing generation of polyethylene
debris. J Arthroplasty 1997;12:256—66.
[11] Mahomed NN, Arndt DC, McGrory BJ, Harris WH. The Harris hip
score: comparison of patient self-report with surgeon assess-
ment. J Arthroplasty 2001;16:575—80.
[12] Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt
LW. Validation study of womac: a health status instrument for
measuring clinically important patient relevant outcomes to
antirheumatic drug therapy in patients with osteoarthritis of
the hip or knee. J Rheumatol 1988;15:1833—40.
[13] Mccarthy JC. The non-arthritic hip score: reliable and vali-
dated. Clin Orthop Relat Res 2003;406:75—83.
[14] Leplege A, Ecosse E, Verdier A, Perneger TV. The french SF-36
health survey: translation, cultural adaptation and preliminary
psychometric evaluation. J Clin Epidemiol 1998;51:1013—23.
[15] Chiron P, Laffosse JM. Arthroscopie de la hanche et rup-
ture du labrum. Bassin et hanche. SIMS Saurampsmédical
2007;34:369—76.
[16] Notzli H, Wyss T, Stoecklin C, Schmid M, Treiber K, Hodler J.
The contour of the femoral head-neck junction as a predictor
for the risk of anterior impingement. J Bone Joint Surg Am
2002;84:556—60.
[17] Tönnis D, Legal H, Graf R. General radiography of the hip joint
in congenital dysplasia and dislocation of the hip in children
and adult. In: Congenital dysplasia and dislocation of the hip
in children and adults. Springer-Verlag; 1987. p. 100—42.
[18] Brooker AF, Bowerman JW, Robinson RA, Riley Jr LH.
Ectopic ossiﬁcation following total hip replacement. Inci-
dence and a method of classiﬁcation. J Bone Joint Surg Am
1973;55:1629—32.
[19] Beck M, Fucentese SF, Staub L, Siebenrock K. Surgical
dislocation of the hip for the treatment of femoroac-
etabular impingement. Technique and results. Orthopade
2009;38:412—8.
[20] Peters CL, Schabel K, Anderson L, Erickson J. Open treatment
of femoroacetabular impingement is associated with clinical
improvement and low complication rate at short-term follow-
up. Clin Orthop Relat Res 2009;468:504—10.
[21] Byrd J, Jones K. Hip arthroscopy in athletes. Clin Sports Med
2001;20:749—61.
[roach:  118  cases  37
22] Larson CM, Giveans MR. Arthroscopic management of
femoroacetabular impingement: early outcomes measures.
Arthroscopy 2008;24:540—6.
23] Sampson T. Arthroscopic treatment of femoroacetabular
impingement. Tech Orthop 2009;20:56—62.
24] Matsuda DK, Carlisle JC, Arthurs SC, Wierks CH, Philippon
MJ. Comparative systematic review of the open dislocation,
mini-open, and arthroscopic surgeries for femoroacetabular
impingement. Arthroscopy 2011;27:252—69.
25] Espinosa N, Rothenﬂuh D, Beck M, Ganz R, Leunig M. Treat-
ment of femoro-acetabular impingement: preliminary results
of labral reﬁxation. J Bone Joint Surg Am 2006;88:925—35.
26] Laude F, Sariali E, Nogier A. Femoroacetabular impinge-
ment treatment using arthroscopy and anterior approach. Clin
Orthop Relat Res 2009;467:747—52.
27] Philippon M, Schenker M. Arthroscopy for the treatment of
femoroacetabular impingement in the athlete. Clin Sports Med
2006;25:299—308.
28] Laude F, Boyer T, Nogier A. Anterior femoroacetabular impinge-
ment. Joint Bone Spine 2007;74:127—32.
29] Horisberger M, Brunner A, Herzog RF. Arthroscopic treatment
of femoroacetabular impingement of the hip: a new tech-
nique to access the joint. Clin Orthop Relat Res 2010;468:
182—90.
30] Philippon MJ, Briggs KK, Yen YM, Kuppersmith DA. Outcomes
following hip arthroscopy for femoroacetabular impingement
with associated chondrolabral dysfunction: minimum two-year
follow-up. J Bone Joint Surg Br 2009;91:16—23.
31] Laude F, Sariali E. Treatment of fai via a minimally invasive
ventral approach with arthroscopic assistance. Technique and
midterm results. Orthopade 2009;38:419—28.
32] Lincoln M, Johnston K, Muldoon M, Santore R. Combined
arthroscopic and modiﬁed open approach for cam femoroac-
etabular impingement: a preliminary experience. Arthroscopy
2009;25:392—9.
33] Beaule PE, Le Duff MJ, Zaragoza E. Quality of life following
femoral head-neck osteochondroplasty for femoroacetabular
impingement. J Bone Joint Surg Am 2007;89:773—9.
34] Brunner A, Horisberger M, Herzog RF. Sports and recre-
ation activity of patients with femoroacetabular impingement
before and after arthroscopic osteoplasty. Am J Sports Med
2009;37:917—22.
35] Konan S, Rayan F, Haddad FS. Is the frog lateral plain radiograph
a reliable predictor of the alpha angle in femoroacetabular
impingement? J Bone Joint Surg Br 2010;92:47—50.
36] Barton C, Salineros MJ, Rakhra KS, Beaule PE. Validity of the
alpha angle measurement on plain radiographs in the evalua-
tion of cam-type femoroacetabular impingement. Clin Orthop
Relat Res 2010;469:464—9.
37] Beck M, Leunig M, Parvizi J, Boutier V, Wyss D, Ganz R. Anterior
femoroacetabular impingement: midterm results of surgical
treatment. Clin Orthop Relat Res 2004;418:67—73.
38] Philippon MJ, Yen YM, Briggs KK, Kuppersmith DA, Maxwell RB.
Early outcomes after hip arthroscopy for femoro-acetabular
impingement in the athletic adolescent patient: a preliminary
report. J Pediatr Orthop 2008;28:705—10.
39] Philippon MJ, Wolff AB, Briggs KK, Zehms CT, Kupper-
smith DA. Acetabular rim reduction for the treatment
of femoroacetabular impingement correlates with preop-
erative and postoperative center-edge angle. Arthroscopy
2010;26:757—61.
40] Larson CM, Giveans MR. Arthroscopic debridement versus
reﬁxation of the acetabular labrum associated with femoroac-
etabular impingement. Arthroscopy 2009;25:369—76.41] Anderson LA, Peters CL, Park BB, Stoddard GJ, Erickson JA,
Crim JR. Acetabular cartilage delamination in femoroacetabu-
lar impingement. Risk factors and magnetic resonance imaging
diagnosis. J Bone Joint Surg Am 2009;91:305—13.
3[
[
[
[
[
[
[
[
[
[8  
42] Philippon MJ, Schenker ML, Briggs KK, Maxwell RB. Can
microfracture produce repair tissue in acetabular chondral
defects? Arthroscopy 2008;24:46—50.
43] Spencer S, Millis M, Kim Y. Early results of treatment for hip
impingement syndrome in slipped capital femoral epiphysis
and pistol grip deformity of the femoral head-neck junction
using the surgical dislocation technique. J Pediatr Orthop
2006;26:281—5.
44] Ribas M, Ledesma R, Cardenas C, Marin-Pena O, Toro J, Cac-
eres E. Clinical results after anterior mini-open approach for
femoroacetabular impingement in early degenerative stage.
Hip Int 2010;20(Suppl. 7):36—42.
45] Merrell G, Medvecky M, Daigneault J, Jokl P. Hip arthroscopy
without a perineal post: a safer technique for hip distraction.
Arthroscopy 2007;23:107 [e1—3].46] Murphy S, Tannast M, Kim YJ, Buly R, Millis MB. Debridement
of the adult hip for femoroacetabular impingement: indica-
tions and preliminary clinical results. Clin Orthop Relat Res
2004;429:178—81.
[P.  Chiron  et  al.
47] Hartmann A, Gunther KP. Arthroscopically assisted anterior
decompression for femoroacetabular impingement: tech-
nique and early clinical results. Arch Orthop Trauma Surg
2009;129:1001—9.
48] Beck M. Groin pain after open FAI surgery: the role of
intraarticular adhesions. Clin Orthop Relat Res 2009;467:
769—74.
49] Krueger A, Leunig M, Siebenrock KA, Beck M. Hip arthroscopy
after previous surgical hip dislocation for femoroacetabular
impingement. Arthroscopy 2007;23:1285—9.
50] Philippon M, Schenker M. Athletic hip injuries and capsular
laxity. Oper Tech Orthop 2005;15:261—6.
51] Lavigne M, Boddu Siva Rama KR, Doyon J, Vendittoli PA. Bone-
wax granuloma after femoral neck osteoplasty. Can J Surg
2008;51:E58—60.52] Randelli F, Pierannunzii L, Banci L, Ragone V, Aliprandi A, Buly
R. Heterotopic ossiﬁcations after arthroscopic management of
femoroacetabular impingement: the role of said prophylaxis.
J OrthopTraumatol 2010;11:245—50.
